Sprouting of GABAergic and mossy fiber axons in dentate gyrus following intrahippocampal kainate in the rat.
The present study examined the bilateral synaptic rearrangements of presumed gamma-aminobutyric acid (GABAergic) inhibitory axons and mossy fiber (presumed excitatory) recurrent collaterals following intrahippocampal kainic acid (KA) injection. Glutamate decarboxylase immunoreactivity (GAD-IR) was used to study inhibitory axon terminal sprouting, following 0.5 microgram KA/0.2 microliter injected unilaterally into the posterior hippocampus of rats (n = 16), with survival periods of 14, 28, and 120 days. The age-matched control animals (n = 9) received intrahippocampal 0.2 microliter saline (sham, n = 4) or no injection (normal, n = 5). To study mossy fiber synaptic rearrangements, 0.5 microgram KA/0.2 microliter volumes were injected unilaterally into the posterior hippocampus of rats (n = 10), with survival periods from 14, 28, and 120 days, and Timm sulfide-stained tissue sections were compared to age-matched sham (n = 4) or normal controls (n = 4). At 14 through 120 days after posterior KA injection, GAD-IR puncta were significantly increased in the ipsi- and contralateral inner molecular layers (IML) of the fascia dentata (FD) when compared to sham or normal controls. KA lesion also induced mossy fiber recurrent collateral sprouting into the ipsi- and contralateral FD IMLs. The loss of both the commissural and ipsilateral associational afferents to the FD apparently induced sprouting into their ipsi- and contralateral termination zones by granule cell mossy fibers and GAD-IR axons, thus establishing an abnormal circuitry near the observed pathology in the kainate model of epilepsy. Although reactive synaptogenesis of mossy fibers producing monosynaptic excitation may be one mechanism for KA epileptogenicity, the concurrent sprouting of GABAergic terminals in the same IML zone of the FD suggests that anomalous inhibitory synapses may contribute to chronic KA hippocampal hyperexcitability.